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Abstract  
 
Measuring physiological reactions such as pupillary responses to different emotional stimuli 
may help clinicians detect indicators of mental health problems. Pupil mimicry has been 
linked to emotion processing and empathy: people who are more empathic respond to pupil 
size when judging other people’s emotions. Furthermore, it has been shown that people 
implicitly mimic the pupil size of interaction partners and that pupil-dilation mimicry 
promotes trust. To investigate how pupil mimicry relates to mood and empathy in a non-
clinical population, this study used data from an fMRI experiment (Prochazkova et al., in 
press). Participants played investment games with virtual partners represented whose pupils 
were dilating, static, or constricting. Participants made investment choices based on the 
detected eye regions while their pupillary responses were measured. Results indicate no effect 
of mood disorders or empathy on the frequency of mimicry. Results confirmed earlier 
findings that pupil size plays a role in social judgments: partners with dilating pupils were 
judged as more trustworthy than partners with static or constricting pupils, especially when 
they were mimicked. The results showed no unusual pattern in mood disorder; in fact, 
empathy showed unexpected effect- pupil contingent trust was more prevalent in less 
empathic participants. In conclusion, these findings underline a role of pupil size and pupil 
mimicry in interpersonal trust.  We further show that psychological differences in mood and 
empathy do not significantly affect the formation of the pupil mimicry and its trust linkage.  
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1. Introduction 
 
The psychological treatment of mental health problems is currently undergoing a 
fundamental change driven by new technology (Fairburn & Patel, 2017). Currently, virtual 
reality, e-health applications, and even artificial intelligence are being researched for the 
potential to treat mental health problems (Freeman et al., 2017; Fairburn & Patel, 2017; 
D'Alfonso, 2017). Furthermore, signal processing techniques that measure physiological input 
for the interpretation of mental state are also currently in development (Zhou et al., 2015; 
Bone, Lee, Chaspari, Gibson & Narayanan, 2017). One such physiological measurement in 
use is pupillary response: pupil size expands in response to emotional information and can be 
linked to brain regions that involve cognitive and emotional processing (Kahneman & Beatty, 
1966;, Siegle, Steinhauer, Stenger, Konecky, & Carter, 2003; Bradley, Miccoli, Escrig, & 
Lang, 2008; Harrison et al., 2009; De Dreu & Kret, 2018). For instance, during eye contact, 
pupils dilate with social interest (van Breen, De Dreu & Kret, 2018; Harrison et al., 2009).  It 
has been proposed that pupillary reaction to different emotional stimuli may assist clinicians 
to detect specific indicators of mental health problems even in the absence of obvious 
behavioral cues (Burkhouse, Siegle, & Gibb, 2014; For extensive research and references on 
this topic see Appendix 1 (Table 1, p.35). 
 
An essential phenomenon in pupillary research is “pupil mimicry” or “contagion”. 
This refers to individual’s tendency to synchronize pupil size with another individual 
(Fawcett, Wesevich, & Gredebäck, 2016). Recently, studies have indicated that pupil mimicry 
underlies numerous social-cohesion processes in adults. For example, Kret, Tomonaga, & 
Matsuzawa, (2014) found that mimicry occurs more often within social-groups (chimpanzee-
to-chimpanzee; human-to-human) than across social groups (chimpanzee-to-human). Pupil 
mimicry has been linked to emotions processing and empathy. For example, people who are 
more empathic are more likely to use pupil size when judging other people’s emotions 
(Partala, & Surakka, 2003; Harrison, Wilson, & Critchley, 2007; Harrison et al., 2009). 
Furthermore, it has been shown that people implicitly mimic the pupil size of interaction 
partners and that pupil-dilation mimicry is a sign of trust (Harrison et al., 2009; Kret et al., 
2015). Given the subtlety of this affective cue, it is striking as it suggests that mimicry of 
pupil size helps people to determine the trustworthiness of a partner (Kret et al., 2015; Kret 
and de Dreu, 2017).  
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A recent fMRI study revealed that pupil mimicry is associated with increased 
activation in the Theory of Mind (ToM) network – known to be involved in person perception 
and empathy (Prochazkova et al., in press).  These findings support the theory that pupil 
mimicry is a neurophysiological process that promotes affiliation during eye contact. 
Moreover, it has been shown that people with mental disorders display brain differences in 
areas such as the amygdala (Price & Drevets, 2011) and ToM regions (Koelkebeck, Kohl, & 
Kret, 2017) and that other mental disorders have been associated with abnormal light influx 
(Wang, Fan, Zhao, & Chen, 2012). Wehebrink et al. (2018) found a link between pupil 
mimicry and clinical depression. This study showed that pupil mimicry and trust was less 
prevalent in depressed group compared to the control group.  This research was the first to 
provide evidence for the irregular pupil mimicry in a depressed population. In line with this 
study, Siegle et al. (2003) found that depressed adults showed greater pupil dilation to 
negative emotional words compared with a control group. Similarly, anxious teenagers were 
found to show greater pupil dilation in response to fearful faces compared with control (Price 
et al., 2013). While, aforementioned studies have found that mimicry occurs more often 
within social-groups than across social-groups (Kret et al., 2014), to our knowledge, no 
studies have researched if individuals who are prone to social disorders display abnormal 
reaction towards others’ pupils.  
Precisely, because pupillary changes are unconscious, they reflect a person’s inner state (Kret, 
2015). Epidemiological studies have revealed that mental disorders are highly comorbid; over 
forty percent of mental disorders also meet the criteria of another disorder (Kessler et al., 
2012). The explanation of this high comorbidity has been linked to 'disrupted emotion 
processing' including defects in emotion recognition (Einhäuser, 2017; Harrison, Gray & 
Critchley, 2009; Kret & Ploeger, 2015), impaired theory of mind abilities and avoidance of 
eye contact (Wehebrink et al., 2018). When taking into consideration, that previous research 
has shown that the sensitivity to another’s pupillary signals predicts levels of emotional 
empathy (Partala, & Surakka, 2003; Harrison et al., 2007), people susceptible to mental 
disorders could also react differently when seeing another’s pupil changing. This raises the 
question: “Do people who score high on mood disorders (depression, state and trait anxiety, 
social fear, and avoidance), display abnormal pupil mimicry and reduced pupil mimicry-trust-
linkage?”  
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1.1. Aim of study & Measures 
In this study we investigate how pupil mimicry relates to psychological differences in 
mood and empathy in a non-clinical population. This study used data from previous fMRI 
experiment (Prochazkova et al., in press). In this experiment, psychological questionnaires 
were collected but not analyzed. The personality questionnaires measured depression level 
(Beck’s Depression Inventory (BDI) by Beck, Steer, & Brown, 1996); state and trait anxiety 
level (State-Trait Anxiety Inventory for mental disorders (STAI) by Spiegelberger, 2010); 
social fear and avoidance level (Liebowitz Social Anxiety Scale (LSAS) by Liebowitz, 1987); 
and empathy measures (Interpersonal reactivity Inventory (IRI) by Davis, 1980).  
In the experiment behavioral data was collected throughout the experiment while 
subjects played an economic trust game. In each trial, the pupils of virtual partners dilated, 
constricted, or remained static over stimulus presentation time. Subjects then decided how 
much money they wanted to invest in the partner whose eye region was shown (for details of 
the task see Methods). This experiment’s behavioural results reviled that a) people perceive 
large pupils as more trustworthy and b) pupil mimicry modulates trust via activation of ToM 
network (Prochazkova et al., in press). Furthermore, this study found individual differences in 
susceptibility to mimic. Nevertheless, what causes these differences and how individual 
differences in mood and empathy relate to pupil mimicry and mimicry-trust-linkage remains 
to be shown. 
The first question we asked was whether individual psychological differences in mood (i.e., 
depression, anxiety, social fear, and avoidance behavior) and empathy (empathic concern and 
perspective taking) influenced how participants’ pupils changed in response to their partner's 
pupils (i.e., pupil mimicry or not) see Figure 1. The second question (similarly to Wehebrink 
et al. (2018)) was how individual psychological differences in mood and empathy impact the 
pupil mimicry - trust link. 
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1.2. Hypothesis 
 We hypothesised that participants who are prone to mood disorder (depression level, 
state and trait anxiety, social fear and avoidance) will show reduced pupil mimicry and pupil 
mimicry-trust link compare to low-risk group. This hypothesis is based on earlier research, 
which suggested even though participants with Major Depressive Disorder displayed similar 
frequency of pupil mimicry they showed atypical pattern of trust (measured by investment in 
trust game) to partners’ pupillary cues (Wehebrink et al., 2017). Since anxiety, social fear, 
and avoidance behavior have not directly been tested but show high comorbidity with 
depression, our predictions are also based on the findings of Wehebrink et al., (2017). On the 
other hand, we hypothesize that people who score high on empathy will display increased 
pupil-mimicry trust link. This prediction is related to the research of Harrison et al., (2007) 
which found that pupil contagion is mediated by empathy score. To sum, it is predicted that 
participants with higher scores on the personality questionnaires for depression (BDI), anxiety 
(STAI), social fear and avoidance behavior (LSAS) and lower scores on empathy (IRI) will 
show a) less pupil mimicry b) but decline in pupil contingent trust.  
 
 
Depression level  
State and Trait 
anxiety level 
 
Social fear and 
avoidance level 
 
Empathy level  
Pupil Mimicry  
Trust   
 
 
Figure 1. The individual’s spontaneous tendency to mimic partners’ pupil size (DV1) and the subsequent pupil-mimicry 
trust link (DV2) might be influenced negatively by participants’ level of depression, state and trait anxiety, social 
avoidance and fear, and positively by empathy (i.e. empathic concern and perspective taking).  
−  
−  
−  
+  
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2. Methods 
2.1. Participants 
Forty-one healthy, right-handed, Dutch participants without a history or concurrent 
neurological or psychiatric disorders and normal or corrected-to-normal vision were recruited 
as participants. Participants did not wear glasses (contacts were allowed) and had no or 
removable metal in their body (excluding threats behind the teeth). One participant had 
symptoms of severe depression and was excluded, leaving a total of 40 participants for 
behavioral analysis (mean age [± SD] 23.40 [± 2.91] years, 21 females, range: 19.5 - 32.7). 
For two participants' activation was averaged over 2 instead of 3 runs because of an 
insufficient number of eye-tracking data to measure pupil mimicry. No statistical methods 
were used to predetermine the sample size, but the sample size was based on those used in 
previous and similar studies (Harrison, Wilson & Critchley, 2007). The experimental 
procedures were following the Declaration of Helsinki and approved by the Ethical 
Committee of the Faculty of Behavioral and Social Sciences of the University of Amsterdam.   
2.2. Procedure  
A few days before the experiment the participants were assembled to get instructions 
about the procedure and to complete a medical screening. On the assessment day, participants 
signed informed consent in the laboratory. Before the task participants were asked to 
complete a series of questionnaires to measure anxiety, social fear and avoidance and 
empathy (see Methods 2.5 questionnaires). The questionnaire to measure depression was sent 
two weeks after the scanning, because it was assumed some participants suffered from a 
clinical depression. 
Participants were told to play an economic trust game inside a 3 Tesla MRI scanner. 
The instructions were to watch short video clips showing the eye region of virtual partners 
and decide how much they would want to invest in the partner with whom the eye region was 
shown (see Methods 2.6. trust-game task). The total scanning duration lasted between 60 and 
80 minutes and was divided in three runs of the trust-game, each run containing 54 trials (18 
eye pairs x 3 conditions).  
2.3. Stimuli 
The stimulus material consisted of photos of nine females and nine males with neutral 
expressions derived from the validated Amsterdam Dynamic Facial Expression Set (ADFES) 
(van der Schalk, Hawk, Fischer, & Doosje, 2011). Pictures were standardized in Adobe 
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Photoshop (Adobe Systems), converted to grey scale, and cropped to reveal only the eye 
region. Average luminance and contrast were calculated for each picture, and each picture 
was adjusted to the mean. The eyes were then filled with new eye whites and irises, and an 
artificial pupil was added in Adobe After Effects. Figure 2 shows the experimental setup and 
stimuli presentation.  
Figure 2. Experimental set-up, stimuli & task. (received from Prochazkova et al., under review): (a)Subjects (investors) 
watched short video clips showing the eye region of different virtual partners (trustees) whose pupils were 
manipulated to change in size. (b) The stimulus material consisted of 18 photos with neutral expressions (9 males). 
The eyes were then filled with eye whites and irises, and an artificial pupil was added. The partner’s pupil dilated 
(140% of the original size), constricted (60%) or remained static (range of 3-7mm). (c) Stimuli presentation per ms.  
2.4. Eye tracking 
The pupil size was sampled continuously every 16ms with EyeLink® apparatus and 
down-sampled to 100ms timeslots. The outliers were removed if pupil size change between 
two time-samples was larger than two standard deviations. Gaps smaller than 250ms were 
interpolated. The data was smoothened with a 10th-order low-pass Butterworth filter. The 
average pupil size 500 ms before the start of changes in a partner’s pupils (per trial) served as 
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a baseline (i.e., 1,000–1,500 ms after stimulus onset). The baseline was subtracted from each 
sample during the remaining stimulus presentation (1,500–4,000 ms). 
2.5. Questionnaires 
The participants were scored using the State-Trait Anxiety Inventory for mental 
disorders (STAI, with subscales Trait and State anxiety; Spiegelberger, 2010); Interpersonal 
Reactivity Index, to measure empathy (IRI, with subscales Empathic Concern and Perspective 
Taking; Davis, 1980); and the Liebowitz Social Anxiety Scale, to measure whether 
participants suffer from social anxiety disorders (LSAS, with subscales social fear behavior 
and social avoidance behavior; Heimberg, Horner, Juster et al., 1999). The Beck’s Depression 
Inventory (BDI; Beck, Steer, & Brown, 1996) was sent two weeks after the scanning, as it 
became evident that some participants suffered from depression.  
Not all participants filled in the questionnaires since several of them forgot to do this. 
Appendix 2.2.1 (Table 1, p.45) shows the average scores in comparison with norm groups. 
Table 1 (median split scores, p.13) shows the mean scores on al questionnaires. The average 
score of the BDI questionnaire in this study is 4.08; compared to norm groups this is a 
minimal depression (Beck, Guth, Steer, & Ball, 1997). The average STAI anxiety score in this 
study for subscales state anxiety is 46.3 and 48.66 for trait anxiety. The cut-off score for 
anxiety in this questionnaire is 39-40 (Knight, Waal‐Manning & Spears, 1983). Therefore, we 
can conclude that the group is anxious compared to a norm group. The average score for the 
LSAS fear behavior subscale is 51.9 and 48.6 for avoidance behavior. Both subscales define a 
score above 48 as ‘ very severe’ in comparisons with the norm group (Russell & Shaw, 2006).  
For the IRI, the average score per question in the norm group is 3.5 (the half of the seven 
subscales), whereas a higher score can be interpreted as more empathic (Konrath, 2013; Davis 
1983). This sample has an average of 4.6 per question, so it can be assumed that the 
participants are empathetic towards other people.  
2.6. Trust-game task 
The participants first played three runs of the trust-game (3 x 54 trials). The trust game 
experiment used a randomized event-related design. In each run, all 54 videos were presented 
in random order. The pupils inside the eyes of the virtual partners constricted, dilated, or 
remained static over the stimulus presentation time (experimental conditions). A scrambled 
image was presented for 4,000 ms. the stimulus itself then replaced the scrambled picture. In 
all conditions, the stimulus remained static for the first 1,500 ms, but in the dilation and 
constriction conditions, the pupils gradually changed in size over the next 1,500 ms and then 
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remained at that size during the final 1,000 ms. After each pupil stimulus (54 videos; 9 male, 
9 female), the participant was asked to make: "investment decision (€0 or €6)"? The 
participants then had 2000ms to choose 0, 2, 4 or 6 Euros; no feedback was provided). The 
inter-trial-interval (lasting between 9,300 to 12,300ms) was appropriate for the hemodynamic 
response to return to the baseline (Bradley et al., 2007; Henderson, Bradley, & Lang, 2014).  
2.7. Defining pupil mimicry 
Mimicry was calculated by measuring the median pupil response of each participant 
within each of the three experimental conditions (constricting, static or dilating). For instance 
where participants were presented with dilating pupils, and their pupils were above the 
median pupil size of that condition, then the trial was considered as mimicry with pupil 
dilation. In instances where the presentation showed constricting pupils and participants own 
pupils were below the median of that condition, then the trial was considered as mimicry with 
constricting pupils. This ensured an equal number of trials in each condition. Accordingly, the 
five experimental conditions: (1) mimicry with dilating pupil, (2) mimicry with constricting, 
(3) no mimicry with dilating pupil, (4) no mimicry with constricting pupil and (5) static. Each 
participant’s pupil mimicry was measured on a trial-by-trial basis during the final 2.5 seconds 
of stimulus presentation.  
2.8. Statistical Analysis 
Given the hierarchical structure of the data, multilevel modeling was used to analyze 
all data (Hox, Moerbeek, & van de Schoot, 2017; Bagiella et al., 2000). To acquire the best 
model, the model building started with few repressors adding more to see if it made the model 
more significant step by step using IBM SPSS Statistics (Version 23). The multilevel models 
were structured in three levels: trial (Level 1); nested in run (Level 2), and nested in 
participant (Level 3). Time (twenty-five 100-ms slots) is included as a repeated factor with a 
first-order autoregressive covariance structure to control for autocorrelation in the relevant 
analysis. Subsequently, specifying the fixed effects, model building proceeded with statistical 
tests of the variances of the random effects. After organizing the structure of the generalized 
mixed model (GLM) the target variable and fixed effects were added to the model. All models 
used in this study contain a random intercept. The data exist of psychological data 
(questionnaires), behavioral data (trust decisions and mimicry behavior), and physiological 
data (eye tracking of pupil size).  
While preprocessing the data (see Appendix 2.1.3.) the last 2.5 seconds of each 
stimulus presentation were analyzed, as this was the time window when partner’s pupils 
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began to change (Fig. 1). In al other GLM analysis the data was analyzed at the time that the 
stimulus occurred (every 5.6 seconds per trial). To compare low and high scores on 
depression (IV1), state anxiety (IV2), trait anxiety (IV3), social fear behavior (IV4), social 
avoidance behavior (IV5), empathic concern (IV6), and perspective taking (IV7) a median 
split was performed on each variable (see Table 1). 
 
Table 1. Median Split on dependent variables  
   N N (lower)  N (higher)  Range  Mean Median 
Depression 36 19 17 0 – 18  4.08 3 
State Anxiety  27 16 11 36 – 57 46.3 47 
Trait Anxiety 35 20 15 43 – 56 48.66 49 
Fear behavior 40 20 20 0 – 141.67 51.9 47.92 
Avoidance behavior 40 24 16 0 – 125 48.6 45.83 
Empathic concern 40 25 15 1.43 – 6.57 4.69 5 
Perspective taking 40 21 19 2.71 – 6.71 4.81 4.86 
Note: Depression = BDI score; State Anxiety = STAI subscale; Trait Anxiety = STAI subscale; Social fear behavior = LSAS 
subscale; Social avoidance behavior = LSAS subscale; Empathic concern =IRI subscale; and Perspective taking = IRI subscale.   
2.8.1 Behavioral control analysis - Trust 
To examine how mood disorders, empathy, and observed pupil size affects trust, we 
conducted a series of multilevel models (for details see Methods; Analysis). The level of trust 
was used as DV measured by investments (methods 2.2). Within this study, a higher 
investment score defines a higher level of trust.  
2.8.2. Behavioral analysis - Pupil mimicry  
 The theory of pupil mimicry assumes pupil size should be larger and increase in size 
faster when viewing dilating pupils than when viewing static pupils yet larger and decrease 
faster when viewing static than when viewing constricting pupils (Kret, 2015; Kret and 
Ploeger, 2015; Kret et al., 2015; Prochazkova, in press). To determine which trials were pupil 
mimicry trials and which were not, the median pupillary response was calculated for each 
participant and pupil partner condition (i.e., median during dilating, static, constricting trials). 
During dilating trials, if participants’ pupil size in that trial was larger than his/her dilation 
median this would be classified as pupil-dilation mimicry trial, if the pupil size was below the 
median this was classified as no mimicry trial. Same logic was used during constriction trials 
but this time if participants’ pupil were smaller than the median this would be classified as 
pupil-constriction mimicry trial. This way each trial received mimicry/no-mimicry label. To 
examine whether mood and empathy had an influence on the pupil mimicry. We used the 
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continues scores: depression level (IV1), state anxiety (IV2), trait anxiety (IV3), social fear 
behavior (IV4), social avoidance behavior (IV5), empathic concern (IV6), and perspective 
taking (IV7) served as indented continuous variables. Pupil mimicry frequency (yes/no) 
served as the depended variable. All data were analysed using multilevel GLM modelling 
with a three-level structure. 
2.8.3 Eye tracking - mimicry linked to trust  
To further investigate the effect of mood and empathy on pupil mimicry-trust 
relationship. Each model consisted of following predictors: group (lower vs. higher: 
depression; state anxiety; trait anxiety level; social fear behavior level; social avoidance 
behavior level; empathic concern; or perspective,), pupil partner (constricting vs. static vs. 
dilating, coded as -1, 0, and 1 respectively), and mimicry (no mimicry vs. mimicry coded -1 
and 1 respectively). Also group x pupil partner interaction and group x pupil partner x 
mimicry interaction were added as predictors. 
3. Results 
3.1. Behavioral data: control analysis 
Before focusing on the central hypothesis, a series of checks were performed, detailed 
description of this process and tables with results can be found in Appendix 2.1 (Table 2 – 5). 
Within gender, no significant differences were found between higher and lower levels groups 
in depression, anxiety, fear and avoidance, and empathy (p > .05, See Table. 2).  
Furthermore, we found that pupil at the baseline (Appendix 2.1.2.) was not a 
significant predictor of Group (p > .05, see Table. 3); additionally there were no significant 
differences in baseline pupil size between lower and higher levels of depression, anxiety, 
social fear and avoidance and empathy (p > .05).  
The results (Appendix 2.1.4.) indicate no significant difference between group and 
average pupillary responses (p > .05, see Table. 5). The result shows that individual 
differences in mood and empathy are not significant predictors of average pupillary response 
(when we collapsed the data over the stimuli type).  
3.1.1. Behavioral control analysis - Trust 
Before examining the effect of group and observed pupil size on participant’s trust, the 
direct influence of group on trust was analyzed (Appendix 2.1.5, see Table 6). Surprisingly, 
the results indicate that average investment scores were significantly higher in the higher 
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depression group compared to lower depression level (t(3.67)  = 1.96, p =. 049). Also, 
participants with higher empathic concern scores made significantly lower investments 
compared to lower empathic concern levels (t(3.67)  = -2.36, p =. 018).  
To control for collinearity between independent variables, a correlation matrix was 
constructed to analyze relationships between variables of mood disorders and empathy. As 
shown in below in Table 2 depression score strongly correlates positive with social fear score  
(r(36) = .515, p = .001). Depression also strongly correlates positive with social avoidance 
score (r(36) = .549, p = .001). The state anxiety score strongly correlates negative with social 
fear behavior (r(27) = -.490, p = .009). Furthermore, social avoidance behavior and social fear 
behavior score strongly correlate positive (r(40) =. 815, p < .001). This last result is not 
unexpected since both variables are subscales of the LSAS questionnaire.  
 
Table 2. Pearson correlation (r) between with independent variables depression, anxiety, social fear and 
avoidance and empathy 
  Depression  
 
State 
Anxiety  
Trait  
Anxiety  
Social fear 
behavior  
Social 
avoidance  
Empathic 
concern  
Perspective 
taking  
Depression  
 
- -.046 .321 .515*** .549*** .211 -.074 
State Anxiety  
 
 - .276 -.490** -.303 -.004 .327 
Trait  
Anxiety   
 
  - .218 .018 .248 .327 
Social fear 
behavior   
 
   - .815*** .242 -.028 
Social 
avoidance  
 
    - .171 -.107 
Empathic 
concern  
 
     - .236 
Perspective 
taking  
 
      - 
Note: * significance level p< .05 (2-tailed). ** Significance level p<. 025 (2-tailed). *** Significance level p≤.001(2-tailed). 
Depression level = BDI score; State Anxiety level = STAI-subscale score; Trait Anxiety level =STAI=subscale score; Social 
Fear behavior level= LSAS-subscale score, Social avoidance behavior level=LSAS-subscale score; Empathic concern level 
= IRI-subscale score and, Perspective taking= IRI- subscale score  
 
3.2. Behavioral data: Pupil mimicry 
To examine whether mood disorders (depression, state and trait anxiety, social fear and 
avoidance) and empathy affect pupil mimicry, individual’s mood questionnaire scores and 
empathy scores (continues variable) were used as predictor of individuals’ frequency of 
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mimicry across all trials (mimicry yes/no). The results show no significant effect of mood 
disorder or empathy scores on mimicry (p>.05, Table 3).  
 
 
Table 3. Multilevel binary analysis of mimicry predicted by depression, state and trait anxiety, social fear 
and avoidance behavior, and empathic concern and perspective taking level 
   F   DF1  DF2  p-value  
Corrected model .70 7 4.04 .675 
Depression  .04 1 4.04 .835 
State Anxiety .04 1 4.04 .839 
Trait Anxiety  .11 1 4.04 .742 
Social fear behavior .09 1 4.04 .769 
Social avoidance behavior  .00 1 4.04 .978 
Empathic concern  1.71 1 4.04 .192 
Perspective taking  2.25 1 4.04 .134 
Note: There are no significant differences.  Depression = BDI score, State and Trait Anxiety = STAI score, Social fear and 
avoidance = LSAS score, Empathic concern and perspective taking = IRI score.  
3.3. Eye-tracking data: mimicry linked to trust  
The second analysis tests whether participants who score higher on mood disorders 
and lower on empathy display decline in pupil contingent trust. This is examined by looking 
at the pupil mimicry-trust linkage. This time, instead of using mimicry as DV, mimicry was 
used as predictor of trust. The level of mood disorder and empathy is categorized by median 
split (see Table 1).  The predictors included group (high and low scores for mood disorder or 
empathy), partners’ pupils (dilating, static, constricting), mimicry (yes/no), and interactions 
between these predictors. The target variable was investment score (trust). See Appendix 
(Figure 2) for an overview of all results and figures.  
 
3.3.1 Depression – mood disorders 
A GLM analysis was performed with trust (investment score) as depended variable 
and depression level (higher vs. lower), mimicry (no mimicry vs. mimicry), pupil partner 
(constricting vs. static vs. dilating) and interactions: depression level x mimicry; depression 
level x pupil partner and mimicry x depression level x pupil partner, as predictors.  As shown 
in Table 4, the model significantly predicted trust (F(11:5.29)=10.04, p<. 001). Within the 
model the main effect pupil partner (F(2:5.29)= 40.63, p <001), the interaction effects: 
depression level x pupil partner (F(2:5.29)= 5.30, p = .005), and depression level x pupil 
partner x mimicry (F(4:5.29)= 3.00, p = .017) were found significant. See appendix 2.2.1, 
Table 7 for detailed display of significant results within the interaction effects.  
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Table 4. The effect of mimicry, pupil partner and depression level on trust 
   F   DF1  DF2  p-value  
Corrected model 10.04 11 5.29 <. 001*** 
Depression level 3.14 1 5.29 .076 
Mimicry 1.74 1 5.29 .187 
Pupil partner 40.63 2 5.29 < .001*** 
Depression level x Mimicry  .64 1 5.29 .425 
Depression level x Pupil Partner  5.30 2 5.29 .005** 
Depression level x Pupil Partner x Mimicry  3.00 4 5.29 .017** 
Residual Effect Estimate  SE Z p-value 95% Confidence Interval 
      Lower Upper  
Variance 3.08  .06 50.93 <. 001** 2.96 3.20 
Note: * significance level p< .05 (2-tailed). ** Significance level p<. 025 (2-tailed). *** Significance level p≤.001 (2-tailed).   
 
  Figure 5 shows that participants with a higher level of depression, similarly to low 
depression group, make higher investments in response to dilating pupils when they mimic 
their partner’s pupils (dilating vs. static: t (5.29) = 4.61, p<. 001 and dilating vs. constricting: t 
(5.29) = 5.49, p<. 001). However, when they do not mimic, no significant differences were 
found (p>.05). These results suggest that pupil mimicry enhanced the depressed participants' 
ability to make trust distinction between constricting and dilating pupil size. Without 
mimicry, depressed participants do not show the typical trust pattern (constricting < static < 
dilating) found in the lower depressed group (Fig. 4) and other studies (Kret, 2015; Kret and 
Ploeger, 2015, and Wehebrink et al., 2017).  
As shown in Figure 4, participants with low depression level, make trust distinction 
between constricting and dilating pupil size and that is trough irrespectively of mimicry 
(dilating vs. constricting: t (5.29) = 4.24, p<. 001). In contrast to higher depression group, in 
less depressed participants, mimicry of constricting pupils decreased trust, (constricting vs. 
static: t (5.29) = -3.72, p<. 001) while mimicry of dilating pupils did not significantly 
enhanced trust (static vs. dilating: p >.05). These results are partially in contradiction with the 
hypothesis that participants with a higher level of depression show a decrease in pupil 
contingent trust. 
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Figure 4. Predicted values of interaction effect 
lower depression x mimicry x pupil partner on 
trust. Note: upper p-values relate to ‘no mimicry’ 
line. Lower p-values relate to ‘mimicry’ line. Error 
bar indicates ± 1 SE, n.s. = no significant 
difference.   
Figure 5. Predicted values of interaction effect 
higher depression x mimicry x pupil partner on 
trust. Note: upper p-values relate to ‘no mimicry’ 
line. Lower p-values relate to ‘mimicry’ line. Error 
bar indicates ± 1 SE, n.s. = no significant 
difference.
3.3.2. State anxiety – mood disorders 
A GLM analysis was performed with trust (investment score) as depended variable 
and state anxiety level (higher vs. lower), mimicry, pupil partner and interactions: state 
anxiety level x mimicry; state anxiety level x pupil Partner; and mimicry x state anxiety level 
x pupil partner, as predictors. As shown in Table 5 the model is a significant predictor of trust 
(F (11; 3.97)=9.35, p<. 001). Within the model the main effect pupil partner (F(2; 3.97)= 
33.43, p <001) and the interaction effect State anxiety level x pupil partner (F(2; 3.97)= 
16.84, p< .001), were found significant. See Appendix 2.2.2, Table 8 for detailed display of 
significant results within the interaction effects.
 
 
 
 
 
 
 
n.s. 
n.s. ***p=<.001 
!
***p=<.001 
!
***p=<.001 
!
***p=<.001 
!
***p=<.001 
!
***p=<.001 
n.s. n.s. 
n.s. 
n.s. 
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Table 5. The effect of mimicry, pupil partner and state anxiety level on trust 
   F   DF1  DF2  p-value  
Corrected model 9.35 11 3.97 <. 001*** 
State anxiety level .21 1 3.97 .649 
Mimicry 1.84 1 3.97 .176 
Pupil partner 33.43 2 3.97 < .001*** 
State anxiety level x Mimicry  3.10 1 3.97 .079 
State anxiety level x Pupil Partner  16.84 2 3.97 < .001*** 
State anxiety level x Pupil Partner x Mimicry  2.29 4 3.97 .058 
Residual Effect Estimate  SE Z p-value 95% Confidence Interval 
      Lower Upper  
Variance 3.07  .07 44.14 <. 001** 2.94 3.21 
Note: * significance level p< .05 (2-tailed). ** Significance level p<. 025 (2-tailed). *** Significance level p≤.001 (2-tailed).   
 
As shown in Figure 7 participants with higher state anxiety show the typical trust 
pattern when they mimic partners’ pupils. Mimicry helps to higher state anxiety participants 
to trust dilating pupils more when compared to static (static vs. dilating: t(3.97) = -2.96, p = 
.003), and static more than constricting pupils (constricting vs. static: t(3.97) = -4.29, p <. 
001). If higher state anxiety participants do not mimic they trust constricting pupils less 
(constricting vs. static: t(3.97) = -4.89, p <. 001). As shown in figure 7 mimicry helps the 
group of higher state anxiety to follow the typical trust pattern and invest more in dilating 
pupils.  
Figure 6 shows that within lower state anxiety group, mimicry influences participants 
to make lower investments scores in constricting pupils (constricting vs static: t(3.97) = -2.02, 
p = .44, dilating vs. constricting: t(3.97) = 2.77, p =. 006). If participants with lower anxiety 
do not mimic partners' pupils no differences in trust were found (p >.05). Furthermore, when 
looking into investment scores in lower state anxiety, it was found that participants in this 
group make significantly lower investments if they mimic (t(3.97) = 2.38, p = .017). Overall 
these results are in contradiction with the hypothesis that participants with a higher-level trait 
anxiety decrease pupil contingent trust.   
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Figure 6. Predicted values Interaction effect lower 
state anxiety x mimicry x pupil partner on trust. 
Note: upper p-values relate to ‘no mimicry’ line. 
Lower p-values relate to ‘mimicry’ line. Error bar 
indicates ± 1 SE, n.s. = no significant difference.  
Figure 7. Predicted values Interaction effect higher 
state anxiety x mimicry x pupil partner on trust. 
Note: upper p-values relate to ‘no mimicry’ line. 
Lower p-values relate to ‘mimicry’ line. Error bar 
indicates ± 1 SE, n.s. = no significant difference.   
3.3.3 Trait anxiety – mood disorders 
A GLM analysis was performed with trust (investment score) as depended variable 
and trait anxiety level mimicry, pupil partner, and interactions: trait anxiety level x mimicry; 
trait anxiety level x pupil partner; and mimicry x trait anxiety level x pupil partner, as 
predictors. As shown in Table 5 the model is a significant predictor of trust (F(11;3.87) =9.83, 
p<.001). Within the model the main effect pupil partner (F(2; 4.87) = 35.98, p <001) and the 
interaction effects state anxiety level x pupil partner (F(2; 4.87) = 7.09, p< .001), and state 
anxiety level x pupil partner x mimicry (F(4; 4.87) = 8.61, p < .001) were found significant. 
See Appendix 2.2.3, Table 9 for display of significant results of interaction effects.  
Table 5.  The effect of mimicry, pupil partner and trait anxiety level on trust 
   F   DF1  DF2  p-value  
Corrected model 9.83 11 4.87 <. 001*** 
Trait anxiety level 1.06 1 4.87 .304 
Mimicry 3.35 1 4.87 .067 
Pupil partner 35.98 2 4.87 < .001*** 
Trait anxiety level x Mimicry  .05 1 4.87 .818 
Trait anxiety level x Pupil Partner  7.09 2 4.87 < .001*** 
Trait anxiety level x Pupil Partner x Mimicry  8.61 4 4.87 < .001*** 
Residual Effect Estimate  SE Z p-value 95% Confidence Interval 
      Lower Upper  
Variance 3.94  .06 48.85 <. 001** 2.83 3.06 
Note: * significance level p< .05 (2-tailed). ** Significance level p<. 025 (2-tailed). *** Significance level p≤.001 (2-tailed).   
n.s. 
n.s. n.s. 
*p= .044 
**p= .006 
n.s. 
**p= .017 
***p<.001 
***p<.001 
***p< .001 
***p< .001 
**p= .003 
n.s. 
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As shown in Figure 9 the graph shows a similar pattern to previous analysis of higher 
state anxiety (3.3.2.). Participants with a higher trait show the typical trust pattern when they 
mimic partners’ pupils. Mimicry helps higher trait anxiety participants to trust dilating pupils 
more when compared to static (static vs. dilating: t(4.87) = -2.01, p = .044), and static more 
than constricting pupils (constricting vs. static: t(4.87) = -5.53, p <. 001). Participants with 
higher trait anxiety that do not mimic investment less in constricting pupils when compared 
with static (constricting vs. static: t(4.87) = -4.96, p <. 001), but they do not trust dilating 
pupils more (static vs. dilating: p >. 05). These results indicate mimicry helps the group of 
higher trait anxiety to follow the typical trust pattern and invest more in dilating pupils. 
Figure 8 shows that within lower trait anxiety mimicry of dilating pupils helps 
participants to trust more (static vs. dilating: t(4.87) = -2.99, p = .003), this pattern is opposite 
of the pattern in lower state anxiety. If participants with lower trait anxiety do not mimic 
partner’s pupils no differences in trust were found (p >.05). Overall these results do not 
support the hypothesis and indicate that higher trait and state anxiety show a similar pattern of 
pupil contingent trust.  
 
 
Figure 8. Predicted values Interaction effect lower 
trait anxiety x mimicry x pupil partner on trust. 
Note: upper p-values relate to ‘no mimicry’ line. 
Lower p-values relate to ‘mimicry’ line. Error bar 
indicates ± 1 SE, n.s. = no significant difference.  
    
Figure 9. Predicted values Interaction effect higher 
trait anxiety x mimicry x pupil partner on trust. 
Note: upper p-values relate to ‘no mimicry’ line. 
Lower p-values relate to ‘mimicry’ line. Error bar 
indicates ± 1 SE, n.s. = no significant difference. 
n.s. n.s. 
n.s. 
**p= .003 
***p< .001 
n.s. 
***p< .001 
***p< .001 
***p< .001 
***p< .001 *p.044 
n.s. 
 22 
3.3.4. Social fear behavior – mood disorders 
A GLM analysis was performed with trust (investment) as depended variable and 
social fear behavior level (higher vs. lower), mimicry, pupil partner and interactions: social 
fear behavior level x mimicry; social fear behavior level x pupil partner; and mimicry x social 
fear behavior level x pupil partner, as predictors. As shown in Table 10 in Appendix 2.2.4 the 
model is a significant predictor of trust (F(11; 5.92) = 9.44, p <. 001). Within the model the 
main effect pupil partner (F(2; 5.92) = 38.60, p <001) and the interaction effects social fear 
behavior level x mimicry (F(1; 5.92)= 4.59, p = .032), social fear behavior level x pupil 
partner (F(2; 5.92) = 4.62, p = .010) , and social fear behavior level x pupil partner x mimicry 
(F(4; 5.92) = 3.04, p = .016) were found significant. 
The results of social fear behavior show the same pattern of investment as higher 
social avoidance behavior, lower state anxiety, and higher depression (see Appendix 2.2.4 
Figure 1). Since social fear and state anxiety variables are negatively correlated (r(27) = -
.490, p = .009). Social fear and depression correlate positively (r(36)= .515, p = .001), and 
social avoidance behavior and social fear behavior score correlate positively (r(40)=. 815, p < 
.001) this similar pattern is not unexpected. The detailed descriptions of the finding with 
significance values can be found in Appendix 2.2.4. As shown in the Figures 11 and 12 the 
results are partially in contradiction with the hypothesis that participants with a higher level of 
depression show a decrease in pupil contingent trust. 
Figure 11. Predicted values Interaction effect lower 
social fear x mimicry x pupil partner on trust. Note: 
upper p-values relate to ‘no mimicry’ line. Lower 
p-values relate to ‘mimicry’ line. Error bar 
indicates ± 1 SE, n.s. = no significant difference.   
Figure 12. Predicted values Interaction 
effect higher social fear x mimicry x pupil partner 
on trust. Note: upper p-values relate to ‘mimicry’ 
line. Lower p-values relate to ‘no mimicry’ line. 
Error bar indicates ± 1 SE, n.s. = no significant 
difference.   
**p= .014 
***p< .001 
***p< .001 
***p< .001 
***p< .001 n.s. 
Lower Social fear behaviour  
n.s. n.s. 
n.s. 
n.s. ***p< .001 
***p< .001 
**p= .014 
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3.3.5 Social avoidance behavior – mood disorders 
A GLM analysis was performed with trust (investment) as depended variable and 
social avoidance behavior level (higher vs. lower), mimicry, pupil partner and interactions: 
social avoidance behavior level x mimicry; social avoidance behavior level x pupil partner; 
and mimicry x social avoidance behavior level x pupil partner, as predictors.  As shown in 
Table 12 (in Appendix 2.2.5) the model is a significant predictor of trust (F (11; 5.92)=9.44, p<. 
001). Within the model the main effect pupil partner (F(2; 5.92) = 29.57, p <001) and the 
interaction effects: social avoidance behavior level x pupil partner (F(2; 5.92)= 17.76, p < 
.001), and social avoidance behavior level x pupil partner x mimicry (F(4; 5.92)= 2.97, p = 
.018) were found significant.   
The results of social avoidance behavior show the same pattern of investment as 
higher social fear behavior, lower state anxiety, and higher depression (see Appendix 2.2.4 
Figure 1). Since social fear and state anxiety variables are negatively correlated (r(27) = -
.490, p = .009) and social fear and depression correlate positively (r(36) = .515, p = .001) and 
social avoidance behavior and social fear behavior score correlate positively (r(40)=. 815, p < 
.001) this similar pattern is not unexpected. The detailed descriptions of the finding with 
significance values can be found in Appendix 2.2.5. As shown in the Figures 13 and 14 the 
results are partially in contradiction with the hypothesis that participants with a higher level of 
depression show a decrease in pupil contingent trust. 
Figure 13. Predicted values Interaction effect lower 
social avoidance x mimicry x pupil partner on trust. 
Note: upper p-values relate to ‘no mimicry’ line. 
Lower p-values relate to ‘mimicry’ line. Error bar 
indicates ± 1 SE, n.s. = no significant difference.   
Figure 14. Predicted values Interaction effect higher 
social fear x mimicry x pupil partner on trust. Note: 
upper p-values relate to ‘no mimicry’ line. Lower 
p-values relate to ‘mimicry’ line. Error bar 
indicates ± 1 SE, n.s. = no significant difference.  
Lower Social avoidance behaviour  
***p< .001 
***p< .001 
***p< .001 
***p< .001 
***p< .001 n.s. 
Higher Social avoidance behaviour  
n.s. n.s. 
n.s. 
*p= .032 **p= .013 n.s. 
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3.3.6. Empathic concern – empathy  
A GLM analysis was performed with trust  (investment) as the depended variable and 
empathic concern level (higher vs. lower), mimicry, pupil partner and interactions: empathic 
concern level x mimicry; empathic concern level x pupil partner; and mimicry x empathic 
concern level x pupil partner, as predictors. As shown in Table 6 the model is a significant 
predictor of trust (F (11; 5.92)=8.73, p<. 001). Within the model the main effect of pupil partner 
(F (2; 5.92)= 32.56, p <001) and interaction effect empathic concern x pupil partner x 
mimicry (F(2; 5.92) = 2.89, p = .021) were found significant. See Appendix 2.2.6, Table 14  
for detailed display of significant results within the interaction effects.
 
As shown in Figure 15, participants with a higher empathic concern do not show a 
typical pattern of trust as was predicted. In this group mimicry only helps participants to make 
lower investments scores in constricting pupils when compared with static (constricting vs. 
static: t(5.92) = -2.60,  p = .009).  If participants with higher empathic concern do not mimic 
partners' pupils no differences in trust were found (p >.05). 
Figure 16 shows that within lower empathic show the typical trust pattern when they 
mimic partners’ pupils. Mimicry helps to lower empathic concerned participants to trust 
dilating pupils more when compared to static (static vs. dilating: t(4.87) = -4.04, p<. 001), and 
static more than constricting pupils (constricting vs. static: t(5.92) = -2.85, p= .004). If lower 
empathic concerned participants do not mimic they trust constricting pupils less (constricting 
vs. static: t(5.92) = -2.85, p= .004). As shown in figure 16 mimicry helps the group of lower 
empathic concerned participants to follow the typical trust pattern and invest more in dilating 
Table 6. The effect of mimicry, pupil partner and empathic concern level on trust 
   F   DF1  DF2  p  
Corrected model 8.73 11 5.92 <. 001*** 
Empathic concern level 1.23 1 5.92 .268 
Mimicry 2.59 1 5.92 .108 
Pupil partner 32.56 2 5.92 < .001*** 
Empathic concern level x Mimicry  1.55 1 5.92 .214 
Empathic concern level x Pupil Partner  1.92 2 5.92 .147 
Empathic concern level x Pupil Partner x Mimicry  2.89 4 5.92 .021* 
Residual Effect Estimate  SE Z p-value 95% Confidence Interval 
      Lower Upper  
Variance 2.95  .06 53.89 <. 001** 2.84 3.06 
Note: * significance level p< .05 (2-tailed). ** Significance level p<. 025 (2-tailed). *** Significance level p≤.001(2-tailed).   
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pupils. The finding that higher empathic concerned participants do not follow a pattern of 
contingent trust and lower empathic participants do is in contradiction with the hypothesis and 
findings of Harrison et al., 2007.  
 
 
Figure 15. Predicted values interaction effect lower 
empathic concern x mimicry x pupil partner on 
trust. Note: upper p-values relate to ‘no mimicry’ 
line. Lower p-values relate to ‘mimicry’ line. Error 
bar indicates ± 1 SE, n.s. = no significant 
difference.   
Figure 16. Predicted values interaction effect 
higher empathic concern x mimicry x pupil partner 
on trust. Note: upper p-values relate to ‘no 
mimicry’ line. Lower p-values relate to ‘mimicry’ 
line. Error bar indicates ± 1 SE, n.s. = no 
significant difference.   
 
3.3.7. Perspective taking – empathy  
A GLM analysis was performed with trust (investment) as depended variable and 
perspective taking level (higher vs. lower), mimicry, pupil partner and interactions: 
perspective taking level x mimicry; perspective taking level x pupil partner; and mimicry x 
perspective taking level x pupil partner, as predictors.  As shown in Table 7 (next page) the 
model is a significant predictor of trust (F(11; 5.92)=8.48, p <. 001). Within the model the 
main effect pupil partner (F(2; 5.92) = 38.71, p <001) and the interaction effect perspective 
taking level x pupil partner x mimicry (F(4; 5.92)= 3.28, p = .011) were found significant. See 
Appendix 2.2.7, Table 15 for detailed display of significant results within the interaction 
effects.
 
 
 
n.s. 
***p< .001 
***p< .001 
***p< .001 
**p= .004 
**p= .004 
**p= .009 
***p< .001 
n.s. n.s. 
n.s. 
n.s. 
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Table 7. The effect of mimicry, pupil partner and perspective taking level on trust 
   F   DF1  DF2  p  
Corrected model 8.48 11 5.92 <. 001*** 
Perspective taking level .20 1 5.92 .651 
Mimicry 1.68 1 5.92 .195 
Pupil partner 38.71 2 5.92 < .001*** 
Perspective taking level x Mimicry  .405 1 5.92 .525 
Perspective taking level x Pupil Partner  1.00 2 5.92 .367 
Perspective taking level x Pupil Partner x Mimicry  3.28 4 5.92 .011** 
Residual Effect Estimate  SE Z p-value 95% Confidence Interval 
      Lower Upper  
Variance 2.95  .06 53.89 <. 001** 2.84 3.06 
Note: * significance level p< .05 (2-tailed). ** Significance level p<. 025 (2-tailed). *** Significance level p≤.001(2-tailed).   
 
Interestingly the results of higher perspective taking show an identical pattern as lower 
social fear and avoidance behavior although no correlations were found. Only trait anxiety 
and perspective taking showed a positive trend correlation (r(35) = .327, p = .055). As shown 
in Figure 18 participants with higher perspective taking mimicry show the typical pattern of 
trust. Mimicry helps higher perspective taking participants to trust dilating pupils more when 
compared to static (static vs. dilating: t(5.92) = -2.88, p= .004), and static more than 
constricting pupils (constricting vs. static: t(5.92) = -2.85, p= .004). Participants with higher 
perspective taking that do not mimic, trust constricting pupils less when compared to 
constricting (constricting vs. static: t(5.92) = -2.91, p=. 004), but they do not trust dilating 
pupils more when compared to constricting (p > .05). These findings are similar to lower 
empathic concern, lower depression, higher state and trait anxiety and lower social fear and 
avoidant participants.  And all indicate that mimicry helps follow the typical trust pattern and 
invest more in dilating pupils. 
Figure 17 the lower perspective-taking group shows a clear pupil contingent trust 
pattern when they mimic partners pupils (constricting vs. static: t(5.92) = -2.57, p= .010, static 
vs. dilating: t (5.92) = -3.33, p= .001, dilating vs. constricting: t(5.92) = 5.91, p<. 001). 
Participants in this group use mimicry to trust dilating pupils when this group does not mimic 
no significant differences in investment scores were measured (p > .05). Overall these result 
support the hypothesis that higher perspective taking participants do not decline in pupil 
contingent trust.  
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Figure 17. Predicted values Interaction effect lower 
perspective taking x mimicry x pupil partner on 
trust. Note: upper p-values relate to ‘ mimicry’ line. 
Lower p-values relate to ‘no mimicry’ line. Error 
bar indicates ± 1 SE, n.s. = no significant 
difference.   
Figure 18. Predicted values Interaction effect 
higher perspective taking x mimicry x pupil partner 
on trust. Note: upper p-values relate to ‘ no 
mimicry’ line. Lower p-values relate to ‘mimicry’ 
line. Error bar indicates ± 1 SE, n.s. = no 
significant difference.   
 
4. Discussion 
4.1. General discussion 
This study aimed to investigate weather the susceptibility to mood disorders 
(depression, state and trait anxiety, social fear and avoidance), and empathy has an effect on 
pupil mimicry and the pupil mimicry-trust-linkage. To answer this question, we combined 
behavioral analyses with physiological (eye-tracking) data.  
Firstly, it was investigated whether participants with higher scores on the personality 
questionnaires for depression (BDI), anxiety (STAI), social fear and avoidance behavior 
(LSAS) and lower scores on empathy  (IRI) show less pupil mimicry. Contrary to our 
hypothesis, no relationship could be found between these questionnaires and the frequency of 
mimicry. Although, the hypothesis was not supported this results suggest that future studies in 
pupil mimicry do not have to account for individual differences in mood and empathy, since 
these factors do not seem to affect pupil mimicry directly.  
Secondly, this study examined whether higher scores for mood disorders and lower 
scores on empathy decreases pupil contingent trust. The second hypothesis was not accepted. 
n.s. n.s. 
n.s. 
***p< .001 
***p= .001 **p= .004 **p= .004 
**p= .004 **p= .004 
***p< .001 
***p< .001 
n.s. 
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Higher state anxiety, trait anxiety, social fear behavior and lower empathic concern and 
perspective taking showed a typical pupil contingent trust pattern. That is: trust should be 
larger when viewing dilating pupils than when viewing static pupils or constricting pupils and 
that this effect should be enhanced during mimicry (Kret, 2015; Kret and Ploeger, 2015;Kret 
et al., 2015; Prochazkova, in press). Surprisingly, pupil contingent trust was more prevalent in 
less empathic participants. In high depression group and social avoidance behavior group a 
partially typical pupil contingent trust pattern was found: Mimicry increased trust during 
partner’s dilating pupils, however constricting pupils were not significantly perceived as less 
trustworthy than static pupils.  
4.1.1. Mood disorders and the mimicry trust linkage   
In line with previous literature (Kret et al, 2014; Kret and Dreu, 2017), in current study 
participants’ pupils increased fastest when partners’ pupils dilated and there was a positive 
relationship between pupil dilation mimicry and trust. Furthermore, an additional relationship 
has been observed between pupil constriction mimicry and lower trust. Specifically, it has 
been found that participants invested more in partners with dilating pupils if their own pupils 
mimicked their partners’ pupils (Kret et al., 2015). The current study in addition shows that 
mood disorder scores (high vs. low) do not affect the pupil contingent trust. In both high-risk 
and low-risk mood disorders, pupil dilation mimicry predicted higher levels of trust. 
Interestingly, this study further reviled that for subjects who scored high on depression, 
state/trait anxiety and socially fear/avoidance the occurrence of mimicry improved the trust 
distinction between constricting and dilating pupil stimuli. Without mimicry, these 
participants did not show the typical trust pattern.  
These findings indicate that pupillary contagion is a basis and autonomic mechanism, 
which occurs despite possible mood disorders. This result is in line with the findings of 
Wehebrink et al., (2018) who found no difference in mimicry behaviour between a healthy 
and clinical depressed population. However, Wehebrink et al., (2018) found that depressed 
participants trusted les than healthy controls especially when partners’ pupils changed in size.  
In this study such a difference was not found. One explanation for this could be that the 
depression scores in this study were not high when compared to clinical groups (Beck, Guth, 
Steer, & Ball, 1997).  
Importantly, in line with previous studies we found that pupil dilation mimicry helps 
participants to trust more. This positive effect of mimicry could be beneficial for those people 
with low trust (Wehebrink et al., 2018). Siegle et al (2010) found that in a depressed 
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population eye contact might have important therapeutic function. By stimulating participants 
to make more eye contact with others, interpersonal trust can be improved and social 
relationships established. It is striking that the participants in this sample scored extremely 
high on state and trait anxiety and social fear and avoidance behaviour when compared to the 
questionnaire norm group (Spiegelberger, 2010; Liebowitz, 1987;Knight et al., 1983; Russell 
& Shaw, 2006). Depression and anxiety are highly comorbid (Hirschfeld, 2001; Zhiguo, & 
Yiru, 2014) and although in this study depression and anxiety did correlate no severe 
depression was measured.  
When looking at anxiety the most common observation in clinical studies of social 
phobia is the avoidance of eye contact in social interactions might be a result of fear (Watson 
& Friend, 1969; Greist, 1995). Social phobic people tend to avoid fixating on prominent facial 
features (eyes, nose, mouth), and eye region avoidance is most apparent in sad faces (Horley, 
Williams, Gonsalvez, & Gordon, 2003). The cognitive model of Beck and Emery (1985) state 
that socially phobic individuals have a selection bias towards processing information that 
contains a potential threat, affecting general attention strategies and the judgment of social 
stimuli and interactions. Using a hyper-scanning strategy – in which features are avoided, but 
non-features are extensively scanned – therefore may serve as an adaptive coping strategy for 
dealing with an extreme sensitivity to the assumed threat in the faces of others (Horley et al., 
2003; Clark & Wells, 1995; Beck & Emery, 1985). An eye tracking and psychophysiology 
study found that in social interaction direct gaze might be a fear-relevant feature for socially 
anxious people. However, the study provided proof that this does not result in gaze avoidance  
(Wesseler, Pauli, Alpers & Mühlberger, 2009). The current study did not use facial 
expressions or emotions; only the eye region of a virtual partner was used. The cognitive 
model of Beck and Emery (1985) with attention bias towards a treat stimuli might open the 
door to why lower social fear and avoidant participants showed more contingent trust and 
high social phobic and avoidance participants only benefited from pupil mimicry when 
observing dilating pupils. However, these findings do not underline a working mechanism. It 
merely shows a conceptual, theoretical framework for anxiety and attention to the eyes. 
4.1.1. Empathy and the mimicry trust linkage   
Previous research has shown that the sensitivity to another’s pupillary signals predicts 
levels of emotional empathy (Partala, & Surakka, 2003; Harrison et al., 2007). Harrison et al., 
(2007) found that autonomic responses such as pupil size play a central role in the processing 
of partners’ emotions and is mediated by empathy score. The results in this study seem 
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contradictive towards these findings since the results show lower empathic participants show 
more pupil contingent trust when compared to higher empathic participants.   
However it should be taking in consideration that the participants in this study had a 
high empathy score when compared to the norm-group, but were dived by median split. 
Furthermore Harrison et al., used a different measurement of empathy and did not reported 
scores of anxiety (depression was an exclusion criteria).   
The high empathic scores could have a relation with the high anxiety scores of STAI 
and LSAS. The number of studies that examined the relationship between anxiety and 
empathy are restricted. However, show a relation between anxiety to personal distress and 
affective empathy (Gambin & Sharp, 2016; Joireman, Needham, & Cummings, 2002). 
Dimensions associated with secure attachment (low anxiety and low avoidance) would 
promote positive forms of empathy: empathic concern and perspective taking. Whereas 
dimensions related to an insecure attachment (high anxiety and avoidance) are associated with 
a maladaptive form of empathy: personal distress (Joireman et al., 2002). A recent study of 
Gambin and Sharp (2018) found that high empathic arousal and anxious feelings that people 
observe in others may lead to increase of their anxious state and arousal and thus increase 
symptoms of anxiety. 
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4.2. Future research 
Because this sample suffer from high anxiety scores and no depression scores it is 
striking that the participants did show pupil contingent trust. Even though within the sample 
depression and anxiety correlated and in the population anxiety and depression is highly 
comorbid this raises the question that anxiety has a different working mechanism on trust. 
Looking at the cognitive model of anxiety future research should focus of the role of anxiety 
on pupil reactions, and the pupil contingent trust linkage.  
This study intentionally focused on behavioral and eye-tracking data. Further research 
should include more physiological features such as the fMRI data and look into the used brain 
regions. When using this dataset, it would seem appealing to look at the amygdala when 
researching the link between anxiety and empathy. Mental disorders display brain differences 
in areas such as the amygdala (Price & Drevets, 2011). Furthermore, neuroimaging studies 
have shown heightened activity in visual areas in response to mutual compared to averted 
gaze (Baron‐Cohen et al., 1999; Wicker et al., 2003), which is also shown to be associated 
with enhanced amygdala activity (George, Driver, & Dolan, 2001). Studies found that damage 
to the amygdala impairs social and empathic behavior and also the identification of fearful 
facial expressions (Adolphs, Damasio, Tranel, & Damasio 1996; Adolphs & Tranel, 2004). 
For further looking into empathy and perception the ToM regions could be analyzed since a 
recent fMRI study revealed that pupil mimicry is associated with increased activation in the 
ToM network which is known to be involved in person perception and social decisions 
(Prochazkova et al., in press). 
4.2. Limitations 
With regards to this study, several limitations can be addressed. Firstly, there was no 
control group of any kind in this study. Although the population was meant to be a healthy 
group, for the research of clinical mood disorders it would have been preferable to have a 
patient and control group.  
The anxiety and empathy scores were relatively high when compared to norm group. 
A control group with normal scores on these factors could provide information if the outcome 
was due to the high anxiety or empathy scores.   
 Not al participants filled in the questioners. Although there were no significant 
differences in the number of sampled questionnaires the results would improve if the received 
information for all participants were equal.  
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 The chosen instrument (IRI) is not the ideal instrument for measuring empathy. 
Harrison and all use a different instrument (Mehrabian Balanced Emotional Empathy Score), 
which would have been more suitable for measuring empathy. The IRI self-report nature of 
the scale makes it susceptible to social desirability and self- perception biases, especially for 
the EC and PT subscales (Konrath, 2013). Furthermore the objective of empathy is not 
consistent across the items. For example, in the EC subscale, the target of empathy is a 
general needy other, but in the PT subscale, the target varies from an abstract other to specific 
individuals (Konrath, 2013).  
 The original experiment conducted psychological measurements of skin conductance 
and hearth rate. These factors could give a lot of insight on the participant’s anxiety levels and 
could have contributed in the research on pupil contingent trust. However there were 
complications in the data contraction making it impossible to analyse this data.  
The experimental setting was with partners in the context of trust but not direct 
competition with partners, as is often the case in real life. When looking at the theory of 
bounded generalized reciprocity (Yamagishi, Jin, & Kiyonari, 1999). This is problematic 
because in a non-competitive setting a sign of interest (in this case expressed by partners 
dilated pupil size) is likely to be interpreted as socially pleasing and thus a sign of 
cooperation.  
4.4. Conclusion 
The current study explored the link between pupil mimicry and trust in mood disorders and 
empathy. The results show no unusual pattern in mood disorder; in fact, empathy showed 
unexpected effect- pupil contingent trust was more prevalent in less empathic participants. In 
conclusion, these findings underline a role of pupil size and pupil mimicry in interpersonal 
trust.  We further show that psychological differences in mood and empathy do not 
significantly affect the formation of the pupil mimicry trust linkage. 
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Appendix 2.  
2.1 Supplementary information  
 
2.1.1. Extra information questionnaires 
  The outcome scores of the questionnaires used in this study serve as predictors of 
mimicry and investment.  Table 1 shows the mean scores when compared to a norm group.  
 
 
2.1.2 Demographics & Behavioral data checks 
 T-tests were performed to test whether there is a significant difference between male 
and female participants as shown in Table 1. No significant differences were found (p > .05). 
Possible demographics in this study were not controlled were education, religious 
background, sexual preference and marital status.  
In order to control for possible psychiatric problems in the past the following clinical 
questions were asked and examined. 
- Have you had psychological problems in the past six months? If so, how would you 
describe the symptoms?; 
- Have you ever sought professional help for psychological complaints? If yes, when 
and for what?; 
- Have you been diagnosed with a mental disorder in the past year? If yes which one; 
- Do you have concentration/attention problems? 
 
 
 
 
Table 1. Interpretation scores per questionnaire  
 Minimal  Mild  Moderate  Severe  
BDI score  0-13 14-19 20-28 29-63 
 Cut off score adults Cut of score elderly 
STAI score 39-40 54-55 
 None Moderate Marked Severe Very severe 
LSAS score 
per subscale 
<28 28-32 33-39 40-47 48≥ 
LSAS total <55 55-64 65-79 80-95 96≥ 
 Empathic concern mean scores  Perspective taking mean scores 
IRI score  Males: 3.72  
Females: 4.10  
Males: 3.40  
Females: 3.57 
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Table 2 Comparisons (t-test) variables by sex    
 Female  Male   
Variable N M SD  N M SD t p-value 
Depression  17 .59 .51  19 .37 .50 1.31 .198 
State anxiety 14 .43 .51  13 .38 .51 .22 .825 
Trait anxiety  18 .33 .49  17 .53 .51 -1.16 .254 
Social fear  21 .53 .51  19 .53 .51 -.31 .759 
Social avoidance 21 .33 .48  19 .47 .51 -.89 .378 
Empathic concern 21 .29 .46  19 .47 .51 -1.22 .231 
Perspective taking 21 .43 .51  19 .53 .51 -.60 .548 
Note: No significance found at level p < .05.  Depression=depression level (BDI score); State Anxiety=State anxiety level 
(STAI-subscale score);Trait Anxiety=Trait Anxiety level (STAI=subscale score);Social Fear= Social fear behavior level 
(LSAS-subscale score, Social avoidance= Social avoidance behavior level (LSAS-subscale score);Empathic concern 
=Empathic concern level (IRI-subscale score) and, Perspective taking= perspective taking level (IRI- subscale score)  
 
2.1.3 Analysis pupil baseline  
In order to check if the population had any bias towards pupil size at baseline two 
different analyses were performed to control. First a series of t-test were performed 
comparing mean pupil size at the first measure of pupil size baseline (average pupil size 500 
ms prior partner’s pupils began to change i.e., 1,000–1,500 ms after stimulus onset) between 
lower and higher levels of group (depression; state anxiety; trait anxiety; social fear behavior; 
social avoidance behavior; empathic concern; and perspective taking). As shown in Table 2 
no significant differences were found (p>.05). To further investigate the role of mood 
disorders and empathy on pupil size at baseline a three level analysis was performed to 
include all baseline measurements of pupil size (per run and trial). Using GLM mean pupil 
size at the baseline was selected as depended variable predicted by Group. As shown in Table 
3 no significant results were found (p>.05), indicating level of depression, anxiety, social fear 
and avoidance and empathy are not predictors of pupil size at baseline.  
Table 3. Comparisons (t-test) variables by lower and higher score on independent variables 
 Lower  Higher    
Variable N M SD  N M SD t p 
Depression  19 7.52 2.96  17 8.82 1.14 -1.70 .099 
State anxiety  16 8.47 2.55  11 8.46 1.78 .061 .952 
Trait anxiety 20 7.85 2.50  15 9.040 1.44 -1.65 .109 
Social fear  20 7.62 3.01  20 8.31 2.15 -.840 .406 
Social avoidance 24 7.58 3.03  16 8.54 1.72 -1.15 .257 
Empathic concern 25 7.57 3.03  15 8.613 1.55 -1.23 .225 
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Perspective taking 21 8.24 2.01  19 7.65 3.16 .713 .480 
Note: There are no significant differences.  Depression= BDI score, State and Trait Anxiety = STAI score, Social fear and 
avoidance = LSAS score, Empathic concern and perspective taking = IRI score.  
 
Table 4. Multilevel Analysis mean pupil size at baseline predicted by depression, state and trait anxiety, 
social fear and avoidance behavior, and empathic concern and perspective taking level 
   F   DF1  DF2  p-value  
Corrected model 1.18 7 4.04 .310 
Depression level .14 1 4.04 .706 
State Anxiety level .92 1 4.04 .338 
Trait Anxiety level .80 1 4.04 .509 
Social fear behavior level  2.51 1 4.04 .113 
Social avoidance behavior level .09 1 4.04 .764 
Empathic concern level .12 1 4.04 .732 
Perspective taking level  .010 1 4.04 .920 
Note: There are no significant differences.  Depression level= BDI score, State and Trait Anxiety level = STAI score, Social 
fear and avoidance level = LSAS score, Empathic concern and perspective taking level = IRI score.  
2.1.4 Pupil response  
 Before analysing the data it was investigated if there was a bias towards pupil 
response of the participant based on mood disorder or empathy level. A GLM was performed 
where pupil size change was used as the dependent variable, predicted by group (depression, 
state anxiety, trait anxiety, social fear, social avoidance, empathic concern and perspective 
taking). As shown in Table 4, depression, anxiety, social fear and avoidance and empathy 
level did not predict participants average pupil response (p>. 05).  
Table 5. Multilevel Analysis mean pupil change predicted by depression, state and trait anxiety, avoidance an 
fear behavior and interpersonal reactivity  
   F   DF1  DF2  p-value  
Corrected model .30 7 96.27 .953 
Depression level .20 1 96.27 .655 
State Anxiety level 1.02 1 96.27 .314 
Trait Anxiety level .07 1 96.27 .795 
Social fear behavior level  .86 1 96.27 .355 
Social avoidance behavior level .06 1 96.27 .815 
Empathic concern level .08 1 96.27 .783 
Perspective taking .05 1 96.27 .817 
Random factors Res. Eff. Estimate SE Z p-value 95% Confidence Interval 
           Lower Upper  
Repeated measures AR1 Diagonal .236 .005 50.823 <. 001*** .227 .245 
 Note: *** Significance level p<.001(2-tailed).   
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2.1.5. Individual differences in trust  
 In order to see if individual differences level (i.e. depression, anxiety, fear and 
avoidance an interpersonal reactivity) had a direct influence on trust score also a GLM was 
performed. The mean score of the investment game was used as the dependent variable trust, 
predicted by Group (depression, state anxiety, trait anxiety, social fear, social avoidance, 
empathic concern and perspective taking). As shown in Table 5 the model, depression and 
empathic concern level are significant predictors of trust (receptively F(7;3.67) = 2.18, p=. 033; 
F(1;3.67) = 3.89, p=. 049; F(1;3.67) = 5.58, p=. 018). Specifically, investment scores are 
significantly higher in the higher depression group when compared to lower depression level 
(t(3.67)  = 1.96, p=. 049). Participants with higher empathic concern scores appear to make 
significantly lower investment scores when compared with lower empathic concern levels 
(t(3.67)  = -2.36, p=. 018). The results also show a trend in trait anxiety as a predictor of trust, 
seeming low trait anxiety level is related to lower investment scores (t(3.67)  = -1.92, p=. 055). 
However, this result has to be taking into consideration since separate testing of trait anxiety 
level on trust did not show a significant result. The main effects anxiety, fear and avoidance 
and perspective taking level did not predict overall trust (p > .05).  
 
Table 6. Multilevel Analysis mean investment score predicted by depression, state and trait anxiety, 
avoidance an fear behavior and interpersonal reactivity level (higher, lower) 
   F   DF1  DF2  p  
Corrected model 2.18 7 3.67 .033* 
Depression level 3.86 1 3.67 .049* 
State Anxiety level .90 1 3.67 .343 
Trait Anxiety level 3.68 1 3.67 .055 
Fear behavior level  1.288 1 3.67 .257 
Avoidance behavior level 3.24 1 3.67 .072 
Empathic concern level 5.58 1 3.67 .018** 
Perspective taking level 1.75 1 3.67 .186 
Residual Effect Estimate  SE Z p-value 95% Confidence Interval 
      Lower Upper  
Variance 3.13  .07 42.44 <. 001*** 2.99 3.28 
Note: * significance level p< .05 (2-tailed). ** Significance level p<. 025 (2-tailed). *** Significance level p<. 001(2-tailed).   
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2.2 Supplementary information results  
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Figure 2. All figures of predicted values of interaction effect independent variable x mimicry x pupil partner on trust. Note: * 
Significance level p< .05 (2-tailed). ** Significance level p<. 025 (2-tailed). *** Significance level p≤.001 (2-tailed). Upper 
p-values relate to ‘no mimicry’ line. Lower p-values relate to ‘mimicry’ line. Error bar indicates ± 1 SE, n.s. = no 
significant difference.   
 
2.2.1 Depression  
 
Table 7. Estimated means interaction Depression level x Pupil Partner x Mimicry   
      95% Confidence interval 
Mimicry Depression  Pupil Partner pairwise 
contrast  t   DF  p- value  
Lower Upper 
 
 
 
No mimicry  
 
 
 
Lower  
 
Constricting – Static -3.72 5.29 <. 001*** -.70 -.21 
Static – Dilating  -.48 5.29 .64 -.28 .17 
Dilating – Constricting  4.24 5.29 < .001*** .27 .72 
 
Higher   
Constricting – Static -.80 5.29 .43 -.33 .14 
Static – Dilating -.98 5.29 .33 -.35 .12 
Dilating – Constricting 1.79 5.29 .07 -.02 .44 
 
 
 
Mimicry  
 
 
 
Lower  
 
Constricting – Static -4.70 5.29 < .001*** -.76 -.31 
Static – Dilating  -1.79 5.29 .07 -.44 .02 
Dilating – Constricting  6.37 5.29 < .001*** .52 .98 
 
Higher   
Constricting – Static -.90 5.29 .37 -.35 .13 
Static – Dilating -4.61 5.29 < .001*** -.81 -.33 
Dilating – Constricting 5.49 5.29 < .001*** .44 .92 
Note: * significance level p< .05 (2-tailed). ** Significance level p<. 025 (2-tailed). *** Significance level p<. 001(2-tailed).   
 
2.2.2. State Anxiety  
Table 8. Estimated means interaction State anxiety level x Pupil Partner x Mimicry   
      95% Confidence interval 
Mimicry State anxiety 
level  
Pupil Partner pairwise 
contrast  t   DF  p- value  
Lower Upper 
 
 
 
No mimicry  
 
 
 
Lower  
 
Constricting – Static .47 3.97 .640 -.19 .31 
Static – Dilating  -.20 3.97 .841 -.27 .22 
Dilating – Constricting  -.28 3.97 .783 -.29 .21 
 
Higher   
Constricting – Static -4.89 3.97 < .001*** -1.02 -.44 
Static – Dilating -.36 3.97 .722 -.34 .24 
Dilating – Constricting 5.24 3.97 < .001*** .49 1.07 
 
 
 
Mimicry  
 
 
 
Lower  
 
Constricting – Static -2.02 3.97 .044* -.50 -.01 
Static – Dilating  -.83 3.97 .409 -.36 .15 
Dilating – Constricting  2.77 3.97 .006** .10 .62 
 
Higher   
Constricting – Static -4.29 3.97 < .001*** -.92 -.35 
Static – Dilating -2.96 3.97 .003** -.74 -.15 
Dilating – Constricting 7.27 3.97 <.001** .79 1.37 
Note: * significance level p< .05 (2-tailed). ** Significance level p<. 025 (2-tailed). *** Significance level p<. 001(2-tailed).   
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2.2.3. Trait Anxiety  
Table 9. Estimated means interaction Trait anxiety level x Pupil Partner x Mimicry   
      95% Confidence interval 
Mimicry Trait anxiety 
level  
Pupil Partner pairwise 
contrast  t   DF  p- value  
Lower Upper 
 
 
 
No mimicry  
 
 
 
Lower  
 
Constricting – Static .72 4.87 .474 -.15 .31 
Static – Dilating  .20 4.87 .842 -.20 .25 
Dilating – Constricting  -.92 4.87 .356 -.33 .12 
 
Higher   
Constricting – Static -4.95 4.87 < .001*** -.88 -.38 
Static – Dilating -.65 4.87 .517 -.33 .16 
Dilating – Constricting 5.70 4.87 < .001*** .47 .60 
 
 
 
Mimicry  
 
 
 
Lower  
 
Constricting – Static -.85 4.87 .393 -.33 .13 
Static – Dilating  -2.99 4.87 .003** -.59 -.12 
Dilating – Constricting  3.83 4.87 < .001*** .22 .69 
 
Higher   
Constricting – Static -5.53 4.87 < .001*** -.93 -.44 
Static – Dilating -2.01 4.87 .044* -.52 -.01 
Dilating – Constricting 7.34 4.87 < .001*** .70 1.20 
Note: * significance level p< .05 (2-tailed). ** Significance level p<. 025 (2-tailed). *** Significance level p<. 001(2-tailed).   
 
  
 50 
2.2.4. Social fear behavior  
Table 10. The effect of mimicry, pupil partner and social fear behavior level on trust 
   F   DF1  DF2  p-value  
Corrected model 9.44 11 5.92 <. 001*** 
Social fear behavior level .55 1 5.92 .458 
Mimicry 1.62 1 5.92 .203 
Pupil partner 38.60 2 5.92 < .001*** 
Social fear behavior level x Mimicry  4.59 1 5.92 .032* 
Social fear behavior level x Pupil Partner  4.62 2 5.92 .010** 
Social fear behavior level x Pupil Partner x Mimicry  3.04 4 5.92 .016** 
Residual Effect Estimate  SE Z p-value 95% Confidence Interval 
      Lower Upper  
Variance 2.95  .06 53.89 <. 001** 2.84 3.06 
Note: * significance level p< .05 (2-tailed). ** Significance level p<. 025 (2-tailed). *** Significance level p≤.001(2-tailed).   
 
Figure 1. Predicted values of Interaction effect depression, social far behaviour and social avoidance 
(receptively; r= .515, p= .001, r= .549, p= .001, and r=. 815, p< .001). Note: darker line = mimicry, light grey 
line = no mimicry. Error bar indicate ± 1 SE, n.s. = no significance difference. Horizontal axes = partner pupil, 
vertical axes = investment score.  
 
As shown in Figure 11 (Results 3.3.4) the graph shows a similar pattern in participants 
with higher social fear behavior use pupil mimicry to trust dilating pupils (static vs. dilating: t 
(5.92) = -3.71, p<.001, dilating vs. constricting: t (5.92) = -3.71, p<. 001). If Participants with 
higher social fear do not mimic no differences in trust are found (p>.05). These results 
indicate mimicry helps participants with higher social fear behavior to trust dilating pupils. 
Figure 12 (Results 3.3.4) shows that within lower social fear behavior mimicry of dilating 
pupils help participants to trust more (constricting vs. static :t (5.92) = -3.97, p< .001, static vs. 
dilating: t (5.92) = -2.45, p= .014, dilating vs. constricting: t (5.92) = 6.42, p<. 001). Participants 
***p=<.001 
!
***p=<.001 
n.s. n.s. 
n.s. 
n.s. 
n.s. n.s. 
n.s. 
n.s. ***p< .001 
***p< .001 
**p= .014 
Higher Social avoidance behaviour  
n.s. n.s. 
n.s. 
*p= .032 **p= .013 n.s. 
Higher depression Higher social fear Higher s ci l avoidance 
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with lower social fear do not mimic trust constricting pupils less, but they do not trust dilating 
pupils more (constricting vs. static: t (5.92) = -3.89, p<. 001, and dilating vs. constricting: t (5.92) 
= 4.50, p<. 001).  
 
Table 11. Estimated means interaction Social fear behavior level x Pupil Partner x Mimicry   
      95% Confidence interval 
Mimicry Fear behavior 
level  
Pupil Partner pairwise 
contrast  t   DF  p- value  
Lower Upper 
 
 
 
No mimicry  
 
 
 
Lower  
 
Constricting – Static -3.89 5.92 < .001*** -.63 -.21 
Static – Dilating  -.61 5.92 .544 -.28 .15 
Dilating – Constricting  4.50 5.92 < .001*** .27 .69 
 
Higher   
Constricting – Static -.78 5.92 .44 -.30 .13 
Static – Dilating -.40 5.92 .69 -.25 .17 
Dilating – Constricting 1.18 5.92 .239 -.08 .34 
 
 
 
Mimicry  
 
 
 
Lower  
 
Constricting – Static -3.97 5.92 < .001*** .67 .23 
Static – Dilating  -2.45 5.92 .014** -.50 -.06 
Dilating – Constricting  6.42 5.92 < .001*** .51 .95 
 
Higher   
Constricting – Static -1.52 5.92 .127 -.37 .05 
Static – Dilating -3.71 5.92 < .001*** -.62 -.19 
Dilating – Constricting 3.71 5.92 < .001*** .19 .62 
Note: * significance level p< .05 (2-tailed). ** Significance level p<. 025 (2-tailed). *** Significance level p<. 001(2-tailed).   
 
2.2.5. Social avoidance behavior   
 
Table 12. The effect of mimicry, pupil partner and social avoidance behavior level on trust 
   F   DF1  DF2  p  
Corrected model 9.44 11 5.92 <. 001*** 
Social avoidance behavior level .04 1 5.92 .839 
Mimicry 2.05 1 5.92 .152 
Pupil partner 29.57 2 5.92 < .001*** 
Social avoidance behavior level x Mimicry  1.31 1 5.92 .253 
Social avoidance behavior level x Pupil Partner  17.76 2 5.92 < .001*** 
Social avoidance behavior level x Pupil Partner x Mimicry  2.97 4 5.92 .018** 
Residual Effect Estimate  SE Z p-value 95% Confidence Interval 
      Lower Upper  
Variance 2.95  .06 53.89 <. 001** 2.84 3.06 
Note: * significance level p< .05 (2-tailed). ** Significance level p<. 025 (2-tailed). *** Significance level p≤.001(2-tailed).   
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Participants with higher social avoidance behavior use pupil mimicry to trust dilating pupils 
(static vs. dilating: t (5.92) = -2.14, p= .032, dilating vs. constricting: t (5.92) = 2.50, p<. 013). If 
Participants with higher social avoidance do not mimic no differences in trust are found (p >.05). 
These results indicate mimicry helps participants with higher social avoidance behavior to trust 
dilating pupils. Figure 14 shows that within lower social avoidance behavior mimicry of dilating 
pupils help participants to trust more (constricting vs. static: t (5.92) = -4.73, p< .001, static vs. 
dilating: t (5.92) = -4.02, p< .001, dilating vs. constricting: t (5.92) = 8.65, p<. 001). Participants with 
lower social avoidance do not mimic trust constricting pupils less, but they do not trust dilating 
pupils more (constricting vs. static: t (5.92) = -4.19, p<. 001, and dilating vs. constricting: t (5.92) = 
6.08, p<. 001).  
 
 
Table 13. Estimated means interaction Social avoidance behavior level x Pupil Partner x Mimicry   
      95% Confidence interval 
Mimicry Avoidance 
behavior level  
Pupil Partner pairwise 
contrast  t   DF  p- value  
Lower Upper 
 
 
 
No mimicry  
 
 
 
Lower  
 
Constricting – Static -4.19 5.92 < .001** -.62 -.23 
Static – Dilating  -1.85 5.92 .064 -.38 .01 
Dilating – Constricting  6.08 5.92 < .001** .41 .80 
 
Higher   
Constricting – Static -.22 5.92 .823 -.26 .21 
Static – Dilating 1.12 5.92 .261 .01 .36 
Dilating – Constricting -.89 5.92 .371 -.34 .13 
 
 
 
Mimicry  
 
 
 
Lower  
 
Constricting – Static -4.73 5.92 < .001** -.68 -.28 
Static – Dilating  -4.02 5.92 < .001** -.61 -.21 
Dilating – Constricting  8.65 5.92 < .001** .69 1.10 
 
Higher   
Constricting – Static -.34 5.92 .733 -.54 .20 
Static – Dilating -2.14 5.92 .032* -.50 -.02 
Dilating – Constricting 2.50 5.92 .013** .07 .54 
Note: * significance level p< .05 (2-tailed). ** Significance level p<. 025 (2-tailed). *** Significance level p<. 001(2-tailed).   
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2.2.6. Empathic concern  
 
Table 14. Estimated means interaction Empathic concern level x Pupil Partner x Mimicry   
      95% Confidence interval 
Mimicry Empathic 
concern level  
Pupil Partner pairwise 
contrast  t   DF  p- value  
Lower Upper 
No mimicry 
 
 
Lower  
 
Constricting – Static -2.85 5.92 .004** -.47 -.09 
Static – Dilating  -1.52 5.92 .129 -.33 .04 
Dilating – Constricting  4.34 5.92 < .001*** .23 .61 
 
Higher   
Constricting – Static -1.84 5.92 .065 -.48 .02 
Static – Dilating .83 5.92 .407 -.14 .35 
Dilating – Constricting 1.04 5.92 .298 -.12 .37 
Mimicry 
 
 
Lower  
 
Constricting – Static -2.85 5.92 .004** -.47 -.09 
Static – Dilating  -4.04 5.92 <. 001*** -.59 -.21 
Dilating – Constricting  6.89 5.92 <. 001*** .48 .87 
 
Higher   
Constricting – Static -2.60 5.92 .009* -.59 -.08 
Static – Dilating -1.93 5.92 .054 -.05 .00 
Dilating – Constricting 4.46 5.92 <. 001*** .33 .85 
Note: * significance level p< .05 (2-tailed). ** Significance level p<. 025 (2-tailed). *** Significance level p<. 001(2-tailed).   
 
2.2.7. Perspective taking  
Table 15. Estimated means interaction Perspective taking level x Pupil Partner x Mimicry 
      95% Confidence interval 
Mimicry Perspective 
taking level  
Pupil Partner pairwise 
contrast  t   DF  p- value  
Lower Upper 
No Mimicry 
 
 
Lower  
 
Constricting – Static -1.78 5.92 .075 -.40 .02 
Static – Dilating  .32 5.92 .752 -.17 .24 
Dilating – Constricting  1.48 5.92 .139 -.05 .37 
 
Higher   
Constricting – Static -2.91 5.92 .004** -.54 -.11 
Static – Dilating -1.35 5.92 .176 -.36 .07 
Dilating – Constricting 4.30 5.92 < .001*** .26 .68 
Mimicry 
 
 
Lower  
 
Constricting – Static -2.57 5.92 .010** -.49 -.07 
Static – Dilating  -3.33 5.92 .001*** -.58 -.15 
Dilating – Constricting  5.91 5.92 < .001*** .43 .86 
 
Higher   
Constricting – Static -2.85 5.92 .004** -.54 -.10 
Static – Dilating -2.88 5.92 .004** -.54 -.11 
Dilating – Constricting 5.66 5.92 < .001*** .42 .87 
Note: * significance level p< .05 (2-tailed). ** Significance level p<. 025 (2-tailed). *** Significance level p<. 001(2-tailed).   
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Appendix 1.  
Table 1. Literature overview of pupil interactions with emotions and psychological disorders 
  
  
Reference 
    
  
Purpose 
    
  
Sample 
  Psychological 
disorders 
/emotions  
    
  
Procedure 
    
Physiological 
measures 
    
  
Results 
Bradley, 
Miccoli, 
Escrig, and 
Lang (2008) 
  Study tested the effects of hedonic 
valence and emotional arousal on 
pupillary responses. Furthermore, 
they wanted to know if pupillary 
changes are mediated by PSNS or 
SNS activation 
 
  27 
students 
  Anger   Participants had to watch a set of 96 
pictures. The pictures could either be 
pleasant, neutral or unpleasant. 
Physiological measures were taken 
while participants watched the 
pictures. 
  Pupil size, SC, 
HR 
  Pupillary changes were larger when 
participants watched emotionally 
arousing pictures versus neutral 
pictures. Skin conductance co-varied 
with the pupillary change. 
Diatchkova 
(2014) 
  
  Study tested if brain activates 
during the observation of 
constricting and dilating pupil sizes 
in an interaction partner correspond 
to the brain regions commonly seen 
in ToM studies 
 
  34   Theory of Mind   Participants viewed pictures of 
partners with decreased, increased of 
static pupils while playing an 
investment trust game 
  fMRI, Pupil 
size, mimicry 
  Observing pupil size activated among 
other regions the superior temporal 
sulcus, the insula, angular gyrus and 
the postcentral sulcus. These regions 
match to brain regions implicated in 
social cognition, including theory of 
mind 
Burkhouse, 
Siegle, and 
Gibb (2014) 
 Study tested physiological 
reactivity to emotional stimuli 
between children of depressed vs. 
non-depressed mothers. And pupil 
dilation to emotional stimuli 
between children of anxious vs. 
non-anxious mothers.  
 
 117 
mother-
child 
pairs  
 Depression, 
anxiety/Happy, 
anger, sad, and 
neutral 
 After psychological assessment 
children (age 4-8) were presented with 
pictures of emotions and were asked 
to indicate the emotion. During task 
eye-tracking recorded pupil reaction.  
 Pupil size  Children off mother with MDD 
showed greater pupil dilation to sad 
pictured compared to control. Anxiety 
similar but less significant.  
Harrison, 
Gray, and 
Critchley 
(2009) 
 Examined if observed pupil size 
regulates our perception of other’s 
emotional expressions and studied 
the central mechanisms modulated 
by incidental observation of pupil 
size in emotional expressions. 
 
  31 and 15   Happy, sad, angry 
and neutral 
emotions 
  In behavioral study (n=40) subjects 
were asked to rate a series of 
emotional facial expressions. 
Responses were made using a visual 
analogue scale. Second group (n=15) 
same procedure only also fMRI and 
pupil measurements 
  fMRI, pupil 
size 
  Incidental processing of pupil size 
when viewing faces with sad 
emotional expressions modulates the 
perceived intensity of the observed 
emotion and results in an empathic 
modulation of the observers’ own 
pupil size. 
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Table 1. (continued) 
  
  
Reference 
    
  
Purpose 
    
  
Sample 
  Psychological 
disorder 
/emotions 
    
  
Procedure 
    
Physiological 
measures 
    
  
Results 
Harrison, 
Wilson, and 
Critchley 
(2007) 
 Study of how observed pupil 
size modulates processing of 
facial expression in line with 
the finding that incidentally 
perceived pupils influence 
ratings of sadness but not 
those of happy, angry, or 
neutral facial expressions. 
 33  Empathy, sadness, 
surprise, fear, 
disgust and 
neutral.  
 Participants rated pictures of sad, 
surprised, and fearful and disgusted 
faces on arousal. Pupil sizes within 
of stimuli were manipulated. 
Participants were scored by empathy 
questionnaire. Constricting pupil size 
improved the intensity of judgments 
of sad expressions.  
 Pupil size  Restricting pupil size, perceived without 
conscious awareness, improved  subjective 
intensity and negativity attribution to sad facial 
expressions. Personal differences in the extent 
to which pupils influence sadness perception 
reflect, or predict, individual differences in 
emotional empathy score. 
Kret and 
Ploeger 
(2015) 
 To create a detailed overview 
of the literature on disrupted 
emotion processing in clinical 
groups on the behavioral and 
neurological level.  
 x  Anxiety, mood 
disorders, 
schizophrenia, 
autism spectrum 
disorders, BPD 
 A literary overview of different 
clinical groups in which emotion 
processing and fMRI data is 
examined.  
 X  Disturbed emotion processing is a problem 
field that underlies various mental disorders. 
Emotion processing problems have been 
reported in several disorders and result emotion 
regulation problems and in attention biases and 
impaired emotion detection.  
Kret, 
Fischer, and 
De Dreu 
(2015) 
  Investigated how changes in a 
partner’s pupil size are 
processed and how pupil size 
affects how much the partner 
is trusted. Furthermore, the 
effect of the partner being in-
group or outgroup. 
  69 
students 
  
  
  Trust   The participants completed series 
investment trials. Computer showed 
the eyes of pupils of constricted, 
static or dilated. Afterwards, the 
participants decided whether they 
wanted to invest with their partner.  
  Pupil size and 
mimicry 
  Results showed evidence for pupil mimicry 
with an effect of partner pupil size. Pupil 
dilation mimicry predicted trust in the in-group 
partners.  
Kret, 
Carsten, and 
Dreu (2017) 
 Examine if oxytocin and sex 
of participant and partner 
modulates currents findings 
on pupil sizes, mimicry and 
dilation, in trust  
 59 
students 
 Trust  Participants got oxygen nose pray or 
placebo and performed trust game 
task.. The screen showed the eyes of 
their “investment partner” and the 
pupils of these partners either 
constricted, stayed neutral or dilated. 
Afterwards, the participants decided 
whether they wanted to invest with 
their partner. 
 Pupil size, 
mimicry  
 Males trust partners less with constricting 
pupils and extend trust to partners with dilating 
pupils, especially when given oxytocin rather 
than placebo. Females trust partners with 
dilating pupils most, less under oxytocin. With 
oxytocin rather than placebo, pupil dilation 
mimicry is weaker and pupil constriction 
mimicry stronger. The link between pupil 
constriction mimicry and distrust observed 
under placebo disappears under oxytocin. 
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Table 1. (continued)  
                    
  
Reference 
    
  
Purpose 
    
Sample 
  Psychological 
disorders 
/emotions 
    
  
Procedure 
    
Physiological 
measures 
    
  
Results 
Kret, Stekelenburg, 
Roelofs, and De 
Gelder (2013) 
 
  Investigated if emotional face 
and body signals elicit similar 
physiological responses. 
Moreover, they examined if 
the reaction to angry signals is 
exaggerated in anxious 
people. 
  37 
students 
  Anxiety, anger   In two separate blocks of 36 trials, 
face and body signals were 
randomly presented. Participants 
categorized the emotion being 
depicted.  
  Facial EMG, eye 
tracking (gaze, 
fixation and pupil 
size) 
  Results show that emotional face 
and body signals are processed 
similarly. The conjunction of 
emotional signals from the face 
and body aids the recognition of 
the emotion.  
Mitkidis, McGraw, 
Roepstorff, and 
Wallot (2015) 
  This study explored whether 
there would be physiological 
markers of trust in the 
individual or in the couple, 
during a trust building 
process. 
  
  40 
students  
  Trust    Participants constructed model cars 
using LEGO building bricks in 4 
successive 10-minute sessions 
while HR was measured. After 
each building session, participants 
played the Public’s Goods Game 
(PGG) to measure trust.  
  HR    The results show that the PGG 
shifted the attention of participants 
towards interaction dynamics. This 
was followed by increased arousal 
and synchrony of HR. The degree 
of HR synchrony seems to predict 
people’s expectations towards their 
partners.  
 
Partala and 
Surakka (2003) 
  To examine pupil size 
variation during and after 
auditory emotional 
stimulation  
 
  30 
students 
  Negative/positive 
affect 
  Participants received eye-tracking 
equipment and listened to 10 
negative and 10 positive very 
arousing sounds (e.g. a baby crying 
and laughing), and 10 emotionally 
neutral sounds (e.g. regular office 
noise). They also rated their 
individual experiences related to 
the stimuli.  
  Pupil size   Larger pupils in negative and 
positive stimuli compared to 
neutral. Pupil size was larger after 
negative and positive stimulation. 
Results suggest ANS is sensitive 
Also female had larger pupil 
responses than males to neutral 
stimuli and during the auditory. 
 
Schrammel, 
Pannasch, 
Graupner, 
Mojzisch, and 
Velichkovs.ky 
(2009) 
 Examined the impact of facial 
expression, gaze interaction, 
and gender on attention 
allocation, physiological 
arousal, facial muscle 
responses, and emotional 
experience in simulated social 
interactions. 
 44 
students 
 Anger  Participants watched a video of 
virtual character making eye 
contact vs.. not and then displaying 
either a happy, neutral or angry 
facial expression 
 Eye-tracking 
(fixation duration & 
pupil size), facial 
EMG, & rapid facial 
reactions (RFR's) 
 Physiological arousal was 
influenced by the virtual 
character’s gender and RFRs. 
Emotional experience was more 
pronounced if the virtual character 
made eye contact. RFRs serve as 
affiliate signals that have important 
functions for social interaction. 
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Table 1. (continued) 
  
Reference 
    
  
Purpose 
    
  
Sample 
  Psychological 
disorders 
/emotions 
    
  
Procedure 
    
Physiological 
measures 
    
  
Results 
Silk, Siegle, 
Whalen, 
Ostapenko, 
Ladouceur, and 
Dahl (2009) 
 Examined pupil size and 
behavioral responses to an 
emotional word valence 
identification paradigm in 
children 
 32 pre/early 
and 34 
mid/late 
pubertal 
children 
 Empathy, 
positive and 
negative 
emotions 
 Participants completed an initial 
phone screen and experiment in 
which valence of positive, 
negative, and neutral words were 
assed while pupil dilation was 
monitored using an eye-tracker 
 Pupil size  Results showed physiological, behavioral, 
and subjective evidence consistent with a 
model of puberty-specific changes in 
neurobehavioral systems underpinning 
emotional reactivity 
                    
Siegle, 
Steinhauer, 
Stenger, 
Konecky, and 
Carter (2003) 
  Studied the extent to 
which concurrent 
collection of pupil dilation 
and fMRI data can aid in 
resolving these challenges. 
  16   Information 
processing 
  3 appointments, first clinical 
interview, second cognitive and 
emotional processing task (facial 
EMG and pupil size). Third fMRI 
and pupil size measurements 
during same tasks.  
  fMRI, pupil 
size 
  Concurrent pupil dilation during fMRI 
assessment seems the same inside and 
outside the fMRI environment, resolves the 
extent to which fMRI signals reflect 
different aspects of event-related designs, 
and explain variation in fMRI data due to 
individual differences in information 
processing. 
Wehebrink, 
Koelkebeck, 
Priest, De Dreu, 
and Kret (2018) 
 Examine if pupil mimicry 
is weaker in depressed 
individuals and an 
underlying factor of their 
low levels of trust.  
 42 MDD 
and 40 
healthy 
subjects 
 Depression  Participants played trust game 
while wearing eye-tracing 
equipment.  
 Eye-tracking 
(pupil size, 
mimicry) 
 MDD participants were somewhat less 
trusting than controls and used pupillary 
cues differently in trust. Controls trusted 
partners with dilating pupils over 
constricting pupils, participants with MDD 
trusted partners whose pupils changed in 
size less, regardless of dilating or 
constricting.  
Woody, 
Burkhouse, 
Siegle, 
Kudinova, 
Meadows, and 
Gibb (2017) 
 Studied if a biomarker of 
cognitive-affective 
response (pupil dilation) 
could identify which 
individuals are at greatest 
risk for depression 
following disaster-related 
stress 
 51 woman  Depression, 
anxiety 
 Participants did a computer task 
assessing pupillary response to 
facial expressions of emotion and 
reported their depressive 
symptoms before the 2011 
Binghamton flood. After flood, 
assessment of objective levels of 
stress and depressive symptoms. 
 Pupil size  Less pupil dilation to emotional expressions 
predicted increase in post biomarker 
depressive symptoms, only among women 
who experienced higher levels of flood-
related stress. Findings suggest that reduced 
cognitive-affective response to emotional 
stimuli increases risk for depression in the 
context of high levels of objective life 
stress.  
  
Note. MDD= Major Depressive Disorder; PS = physiological synchrony; ToM= Theory of Mind; HR= heart rate; SC= skin conductance; ANS= automatic nervous system;  
  
